During a re-assessment of tapeworm collections from wild birds in Slovakia, two Anomotaenia spp. were recovered from the intestine of the little ringed plover Charadrius dubius Scop., 1786. One of them is described as Anomotaenia barusi sp. nov. The new taxon is distinguished from related congeneric species by the different shape and size of the rostellar hooks, the number of testes and the morphology of male and female reproductive organs. The other species was identified as Anomotaenia alata Spassky et Konovalov, 1969 . The validity of this species has formerly been questioned because of its striking morphological similarity to the type-species of the genus, A. microrhyncha (Krabbe, 1869), described from the same host, Philomachus pugnax (L.). Present data revealed differences in the number and measurements of the rostellar hooks, the size of the cirrus-sac, the armament of the cirrus and the presence or absence of setae at the polar ends of the inner egg envelope, which supported the validity of A. alata. The finding of A. alata in C. dubius from Slovakia represents a new host and geographical record.
Introduction
The tapeworms of the genus Anomotaenia Cohn, 1900 are parasites of birds (Bona 1994) . The majority of them (27 species) are parasites of waders (suborder Charadrii) (Matevosyan 1963 , Spassky 1968 , Spasskaya and Spassky 1978 .
Anomotaenia microrhyncha (Krabbe, 1869) is the typespecies of the genus. Its original description from the ruff, Philomachus pugnax (L.), and the ringed plover, Charadrius hiaticula (L.), (see Krabbe 1869) was brief, incomplete and, by present standards, inadequate. Although A. microrhyncha was redescribed and recorded many times from more than 20 charadriids in the Holarctic Region (Dubinina 1953 , Yamaguti 1959 , Matevosyan 1963 , Spasskaya and Spassky 1978 , Schmidt 1986 ), some morphological characters remain confusing and contradictory. The range of measurements of the rostellar hooks is unusually wide in this species (Spasskaya and Spassky 1978) and some inaccuracy still exists in the number of rostellar hooks, the size, shape and armament of the cirrus and the morphology of the uterus and eggs. Due to these discrepancies, some closely-related congeneric species, e.g., Spassky et Konovalov, 1969 , A. microphallos (Krabbe, 1869 ) sensu Spasskaya and Spassky (1978) , A. micracantha (Krabbe, 1869) , A. hydrochelidonis Dubinina, 1953 sensu Galkin (1987 may have been misidentified or reported as A. microrhyncha.
A. alata
During a re-assessment of formerly collected tapeworm material coming from wild birds in Slovakia, two Anomotaenia species similar to A. microrhyncha were recovered from the intestine of the little ringed plover, Charadrius dubius (see Macko et al. 2004) . In Anomotaenia sp. 1, the rostellar hooks were 12-14 µm long and their shape strikingly resembled hooks of A. microrhyncha as described by Krabbe (1869) from P. pugnax and C. hiaticula. Anomotaenia sp. 2, possessed longer hooks (16-18 µm) of a slightly different shape. Based on a detailed study of additional specific characters, Anomotaenia sp. 1 was actually identified as A. alata and C. dubius in Slovakia represents new host and geographical record for this tapeworm species. Anomotaenia sp. 2 is described here as the new species Anomotaenia barusi sp. nov.
This paper aims to describe the new dilepidid cestode and to supplement data on the morphology and variability of Ano-motaenia alata, A. micracantha, A. microphallos and A. microrhyncha by examination of the museum specimens and material collected by the present authors from the type-hosts and other related bird hosts.
Materials and methods
The study was based on morphological and morphometric evaluation of 49 specimens collected from 56 individuals of Charadrius dubius in Eastern Slovakia and other Anomotaenia specimens collected by Macko (1959 Macko ( , 1963 .
The tapeworms were fixed and preserved in alcoholformaldehyde-acetic acid, stained in Semichon's and Blazhin's acetic carmine and mounted in Canada balsam. They were examined as whole-mounts and as unstained scoleces. Egg morphology was observed on spontaneously-released living eggs. Rostellar hooks and eggs were studied in detail and measured under a compound microscope linked to a computer equipped with image analysis software (Olympus ImagePro). Measurements were taken as described by Mas-Coma and Galan-Puchades (1991) . The hook-width was measured as shown in Figure 2C . Measurements are in micrometres (µm) except where otherwise indicated.
Specimens from museum collections served as a comparative material. Macko (1959) . These specimens are deposited at the Parasitological Institute, Košice, Slovakia.
Results
Anomotaenia barusi sp. nov. Syn.: Anomotaenia microphallos (Krabbe, 1869) sensu Spasskaya and Spassky (1978) , in part.
Description: Based on 34 specimens as whole-mounts; measurements in parentheses represent the holotype. Strobila 23-49 (38) mm long and up to 2.4 (2.1) mm wide. Scolex width 173-252 (195) (Fig. 1A) . Suckers unarmed, round or oval 83-120 × 52-104 (115-120, longer diameter). Rostellum 20-36 (26) wider at apical end. Rostellar pouch extending posteriorly to middle of suckers, sometimes more posteriorly. Number of hooks 22-24 (24), arranged in double crown. Anterior and posterior hooks of slightly different shape and size (Figs 1A and 2B) . Anterior hooks: length 18-21 (18), blade 7.5-9.6, base 10-13, guard 3.5; width 5. Posterior hooks: length 17-18 (17), blade 7-8.5, base 10.6-12, guard 3.8; width 7.
Proglottides craspedote (Fig. 1B, C) . Immature proglottides usually longer than wide; mature and postmature proglottides usually wider than long, 0.3-0.5 × 1.4-2.4 (0.6 × 1.4) mm. Genital pores irregularly alternating, in anterior to middle of lateral proglottis margin.
Testes vary in number in different strobila, e.g., 25-31, 27-33, 26-41, (27-40) , arranged posteriorly to ovary, 34-86 (46-62) in diameter, partly visible even in proglottides with degenerate ovary and vitellarium. External vas deferens with numerous coils forming relatively large aggregation in anterior part of proglottis. Cirrus-sac elongate, 148-250 × 17-24 (250 × 15-24) in size, crossing poral osmoregulatory canals in mature proglottides. Cirrus slightly conical, armed with tiny spines, 63-73 long (Fig. 1D ); proximal end with bulbous enlargement, 10-14 in diameter, occasionally absent; distal part of cirrus 8-12 wide.
Female gonads in anterior part of proglottis. Ovary bi-alate, 0.46-1.12 (0.54) mm wide, markedly lobed, rarely of reticulate appearance; antiporal wing often more strongly developed (Fig. 1B, C) . Vitellarium more compact than ovary but lobed, transversely elongate, mostly located in the middle of proglottis, postovarian, 127-382 (170) in size. Vagina passes posteriorly to cirrus-sac. Vaginal sphincter close to genital pore, 9 in diameter (Fig. 1D ). Seminal receptacle posterior to ovarian wings, (42 × 91). Uterus between wings of ovary; in pregravid and gravid proglottides, it occupies almost all median field. Eggs oval, 41-48 × 27-31 with rather long and fastigiate filaments. Embryophore round to oval, 24-35 × 24-27; oncosphere 23-26 × 14. Embryonic hooks 11-12 long (Fig. 1E ). Type-host: Charadrius dubius (Charadriiformes). Type-localities: Senné, Chmelnica, Bardejov (Eastern Slovakia).
Site: Small intestine. Type-specimens (holotype): one complete individual mounted on two slides, No. 1345b (scolex) and 1345b2 (strobila); paratypes: 1096, 1096b, 1096d, 1051/59, 606/60, 639/ 60b, 640/60, 641/60a, 643/60a, 288/65a, 321/68a, 321/68b, 360/68a and 167/69. The slides are provisionally deposited at the Parasitological Institute in Košice, Slovakia. After publication the type-specimens will be deposited in the Museum of Natural History, London, UK.
Prevalence and intensity of infection: 35.7% (20/56); 1-17.
Etymology: The specific name is dedicated to Professor Vlastimil Baruš, in recognition to his contribution to helminth systematics.
Comments: The species from charadriiform birds in the Palaearctic which have a comparable number, size and shape of rostellar hooks, and from which the new species must be . micracantha, A. tringae (Burt, 1940 ), A. charadrii Gvosdev, 1964 and A. jurii Spassky et Konovalov, 1968 Of these, the new species is particularly close to A. microphallos (Krabbe, 1869) being found in lapwing V. vanellus but, rarely, also in other charadriiform birds (Dubinina 1953 ).
The two species differ mostly in the shape of the rostellar hooks ( Figs 1A; 2A, B ) and the measurements of the cirrus. The cirrus is conical and 10-14 wide in A. barusi, while rather cylindrical and 5-7 wide in A. microphallos (Fig. 1D, F) . Spasskaya and Spassky (1971) reported A. microphallos from Charadrius alexandrinus L. and C. dubius from Tuva, Siberia (Russia). Later on, Spasskaya and Spassky (1978) extended the list of definitive hosts to include some other charadriiforms, provided a new description and illustrations of A. microphallos. Our study revealed a significant discrepancy between Krabbe's original measurements of the cirrus (28 × 5 µm) and the data of Spasskaya and Spassky (1978) (28 × 15 µm; p. 62). Krabbe's original figures as well as the present study of the type-specimens of A. microphallos and vouchers from Geneva Museum confirmed that the cirrus of A. microphallos is only 5-7 wide.
The shape and size of the cirrus and rostellar hooks as well as other characters of A. microphallos from C. alexandrinus and C. dubius as described by Spasskaya and Spassky (1978) actually correspond in fact with A. barusi from C. dubius from Slovakia. Therefore, A. microphallos sensu Spasskaya and Spassky (1978) , at least their specimens from the two host species mentioned, is considered as a synonym of A. barusi.
The original description of A. microphallos from V. vanellus by Krabbe (1869) was short, giving only a few morpho-27 Roborzyñski rosboeŸaev fjad kadsaeae¿ae logical characters and their measurements ( Table I ). The typematerial of A. microphallos studied by the present authors was in a poor condition; nevertheless, it enabled supplementation of Krabbe's description with some other characteristics such as the scolex width 324, the size of the suckers 250 × 143, the number of testes 25-28, the size of the cirrus-sac 156-187 × 24-26 and the reticular type of the uterus. Anomotaenia barusi should be distinguished from A. micracantha, which has rostellar hooks of similar shape and unusually wide length range (22-38). The type-specimens of A. micracantha from Iceland gull Larus glaucoides Meyer, 1822 (MHNG 40149) include a well-preserved scolex armed with rostellar hooks 28-29 µm long (Fig. 2C) . Other vouchers of A. micracantha from various larids, Larus dominicanus Lichtenstein, 1832, L. canus L. and Rissa tridactyla (L.), studied by the present authors, also have very large rostellar hooks (total length 27-35, blade 10.0-17.3, base 18.2-21.4 and width 7.0-10.3). This indicates that the range of hook size is much narrower in this species and some identifications of Anomotaenia from Siberian larids as A. micracantha, e.g., Dichoanotaenia (= Anomotaenia) micracantha with micracanthoid hooks 21-22 long (Galkin 1987) , might not be correct. Based on this, the reliable differential character in A. barusi and A. micracantha is the size of the rostellar hooks. Other characters specific for A. micracantha are the small number of testes (16-21) and the unarmed cirrus.
Anomotaenia tringae from Tringa glareola L., T. totanus L. and other charadriiform birds, has hooks of similar number (20-22) and length (17-20) of rostellar hooks (Dubinina 1953, Spasskaya and Spassky 1978) as the new species and, therefore, should also be taken into account in the differential diagnosis. However, Georgiev et al. (2005) have studied syntypes of A. tringae and showed that it has fewer (18) rostellar hooks than it was previously reported. In addition to this, the different ratio of the hook blade to base, the number of testes (12-15 in A. tringae) and the structure of the genital atrium (thick-walled, with a conspicuous genital papilla in A. tringae) also distinguish A. tringae from A. barusi.
Anomotaenia charadrii and A. jurii parasitize Charadrius asiaticus Pallas, 1773 and Calidris temminckii (Leisler), and Phalaropus lobatus (L.) and Tringa glareola, respectively. They differ from A. barusi in the smaller number of testes (12-15 and 20-25) and the compact vitellarium. A. jurii has differently-shaped rostellar hooks (the blade is significantly shorter than the base) and a smaller cirrus-sac, not crossing the osmoregulatory canals. (Fig. 3A-C) Description (based on 15 specimens): Strobila of medium size. Scolex with four round to oval suckers. Rostellar pouch extending to middle of sucker-length, rarely posteriorly. Anterior part of rostellum 28-31 wide, armed with double crown of hooks (Fig. 3A) . Anterior and posterior hooks of slightly different size. Length of anterior hooks 12-14, blade 4-5, base 9-10.4, width of hooks 3.2-3.5. Length of posterior hooks 11-13, blade 3.5-4.5, base 8.6-9.0, width of hooks 3.5-4.0. Proglottides craspedote, wider than long (Fig. 3B) . Testes postovarian, round or oval, 28-60 in diameter. Irregularly alternating genital pores and vas deferens situated very close to anterior part of proglottis. Cirrus-sac thin-walled, elongate, slightly enlarged at poral end. Partially evaginated cir- (Fig. 3C) .
Anomotaenia alata Spassky et Konovalov, 1969
Host: Charadrius dubius. Locality: Senné (Eastern Slovakia). Site: Small intestine. Prevalence and intensity of infection: 3.6% (2/56); 2-17. Comments: Anomotaenia alata from Charadrius dubius in Slovakia differed only slightly from the original description of this species from Philomachus pugnax (see Spassky and Konovalov 1969) . Nevertheless, new characters of the shape and armament of the cirrus and the internal structures of the eggs were found in the present study (Fig. 3, Table II ). This might indicate that A. alata from C. dubius in Slovakia represents a distinct ecological form, which is briefly described above. Spassky and Konovalov (1969) described A. alata from P. pugnax and the little stint Calidris minuta Leisler, 1812 in Chukotka (the original description is based on specimens from P. pugnax; see Table II ). Spasskaya and Spassky (1978) pointed out that A. alata is morphologically very similar to the type-species of the genus, A. microrhyncha, described from the same host. They suggested that A. alata is "a possible synonym" of A. microrhyncha.
We compared A. alata from C. dubius and A. microrhyncha from P. pugnax (both collected at the locality Senné, Eastern Slovakia). Type-specimens and museum vouchers of A. microrhyncha served us as additional comparative material. The comparison of A. alata and A. microrhyncha (Table II) demonstrated many similarities: the size of the scolex, suckers and rostellar pouch, the number of testes, the bi-alate lobed ovary, the reticulate uterus and the eggs with outer polar filaments. However, some differences between the two species support the validity of A. alata. These differences are: (a) the number of rostellar hooks (16-18 in A. alata and 18-23, mostly 20-22 in A. microrhyncha) and their length (11-14 in A. alata and 15-18 in A. microrhyncha) ; (b) the size of the cirrussac, which is significantly shorter in A. alata; (c) the unarmed cirrus in A. alata vs. armed with tiny, needle-shaped spines A. microrhyncha; (d) very soft setae present at the polar ends of the embryophore in A. microrhyncha and absent in A. alata (Fig. 3C, D) .
Concerning the egg morphology of A. microrhyncha, literary data are discrepant and contradictory. There are records on eggs of simple structure, without polar filaments (e.g., Krabbe 1869, Rybicka 1958), encapsulated eggs (Matevosyan 1963) or eggs possessing lobed polar projections (Yurpalova 1968 , Spasskaya and Spassky 1978 , Galkin 1987 the embryophore (Macko 1963, present study) (Fig. 3D) . Filaments observed on permanent slides were shorter (up to 100 µm) and difficult to see. The morphological homogeneity of the species of Anomotaenia, which is associated with small variability of the morphology of rostellar hook and reproductive organs, causes considerable problems in the species identification. The results of the present study proved that the original descriptions of several Anomotaenia species, some dating back to the 19th century, are brief and incomplete. Some taxonomic characters in the monograph of Spasskaya and Spassky (1978) are interpreted inaccurately. Accordingly, it is strongly recommended to verify and specify characteristics of formerly described Anomotaenia species on the basis of new material. In particular, this genus requires more precise description of the anterior and posterior rostellar hooks with the measurements of their parts (blade, base, guard). More attention should be paid to the cirrus shape, its measurements and armament. It is strongly recommended to revise the structure of the uterus and living eggs or eggs preserved outside proglottides. This approach could provide important taxonomic information and is successfully applied, e.g., in studies of Proteocephalus (Gil de Pertierra and de Chambrier 2000 , De Chambrier et al. 2004 and rarely also in some other cestode groups (Georgiev and Gardner 2004) . Findings from Slovakia confirm that Anomotaenia should comprise only species with a reticulate uterus and eggs having filaments, as it is characteristic for the typespecies A. microrhyncha.
